Declassified i in Part - Sanitized Copy Approved for Release 2013/08/15 : CIA-RDP70B00198R000700040002-4

I .. VORI | .
) R .
LN
:
1
1 d
Y L]
K ..
3 LAY +
.',' i ; ,'.:v.;..t. N o
] :"', { .‘" H
[ B 3
Y vl . £ B i
[ o " - .
. A i ', '
.. RS : P
©o £ o, R SRR T I 1 P
" B .
] . . .
;s o7 : ; .":‘gﬁ mmisnmnr,,u
T f ' ', STATUS REPORT W
iy a K '
2 =. ) N )L‘-"\w-—v - -ﬂi\t :
LA 1 FEBRUARY 1963"
e AL ;
PR 2 L&t,f:’, i& RELE LM ;1\.‘...!1}
S I S R 1
v I H L L
A B Docunen: Ho.k482ln;
- ’: N % ‘ P . ) ry ::
e . e Tedn wnt i“""-'un&‘ ' . '
. . ? o ' ’ s i " -
A 7 H Y o o 4
- 5."' ‘,';I.{;' L z - 1N AT
. e ’ - 1 . -
- * . e -
.‘ : » L3 .l

H .

\ R . -: ' A Apprwed . i i ,"5_'.‘_ .
) Prepared by: STAT
P [ 1
4 -

] . Copy ol of _&4_ . Number of Pages 33 4+ i1 and
. ’ . ' an ! envelope containing

_ S 27 photographs and 1

I ' - CPM - achedule

Declassified in Part - Sanitized Copy Approved for Release 2013/08/15 CIA-RDP70B00198R0O00700040002-4



Declassified in Part - Sanitized Copy Approved for Release 2013/08/15 : CIA-RDP70B00198R000700040002-4

1w onod

-

’f 5
i .
e 14 - Operation

lB -1 §tltuﬂ
. ;' aE

., -

—— e e

z‘ .
. 1c = I'ochnlcal discuuion of ch.lngu
o ' - % ” . : .
. , o
“¥1e Stati:s A
i T
; R Ivlimlm-vs'3 - sntul
%'--. -,.-::.:; . Pg‘: _rr-' N . “
_l . .-.'." e - . 1 ‘:‘ :‘ ‘,7-..._ ‘ . ;.";_
‘ - A;)pendi.x- 1C Reliability program . 84
‘. " '= 1B Assembly photographs . ' In envelops .. ;
sl Tl : . ' "y : in back of roport
.y ] : oL C e,
\ : "_'-,.': > ' .+ = 1C CPM Scheduls ' In envelope .
3 : IR S C ) -+« in back of report '
-E ' “
:
14
: .
H - -
!. " -
[ '

Page ii

!
Declassified in Part - Sanitized Copy Approved for Release 2013/08/15 . CIA-RDP70B00198R000700040002-4




| R

. pllot diﬁ_npg:épérac. the control panel correctly, the @yitem has LoD

' mn ACQUISITION 0? m PBO‘IOGRAPBIC OWBMGB CAI.LKD FOR IR 'I'B.E FLIGHT

ee issure that th. system achievcn our 30&1 ot 991'r01iability and
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System 1A - Operating Experience (to 31 Jan. 63)

1. RELIABILITY
' Pigure 1 swmarizes the amount of photography and airborne

runs through 31 January. Except for one run in ATP-11 where the test

oﬂtained useful photographs uhcnevcr operatod ih'thn air.. IR 63

_ RUHB ‘1‘0 'DATR TI'IREB ﬂAVK BEER RO SYSTEM HAI!URCTIOHS HHICH PR.BVBNTED

1
Ea
L

.. FEar S L

and frequently fli;hta have been conducted uithnut nama snbsylten in

™

7 _opg;ation. Enginaering and reliabilicy mlyail i. being continuad

to put all lublyltm into working condition., Bul.' iio diffiéulty'ycé
encount:ared has been so urioul as to do more than dcgtlde qmlity
lmvhat. and we are now fairly confident that tixio' system can ba used
operationally with complete confidence that it Yi-l]. obtain veeful
photography. S - _. : ol

Vehicle availability and weather has prevented. our operating

' the system as often as we want. A greater frequency of flight testing

is possible and desired,

2. PERPORMANCE

" The performance of the 1A forward ‘camera has been about as
predicted (Ref: Le:t.er MB-M-585), but the aft camera has produced results
vhich are suprisingly good, better in facn than axpccted Laboratory

nouurementa indicated that the aft system was iuforior to the forward

system, but these laboratory measurements wers made only for the axial

- Paca 1 '
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-nadir image. Since airborne performance data is obtained from other

image points and is also affected by each camera's angular aiming and
windows, this excellent performance is possible.

Table 1 1s a recapitulation of performance on flighin over air
force targets. All images which were obtained are included, regardless
oé system condition. The marked improvement in later flights is there-

fore a reflection of improvement in stabilization, IMC, and V/h

programmihg as well as having more altitude,

?urther 1mprovemenc in performance can be expected when (1)
Y

Tthe V/h sensor is activated (2) improvements are made to boresighting

[

and platform alignmenc, (3) some modifications are made to the stabilization-
pointing éubaysteﬁ, (4) better scanner flats are placed on the forward
optical s&stem, aﬁa (5) the altitude of operation is increased. The

peyformance'ﬁill continue to show a spread since many uncontrollable,

-a.

z='££u:tora limit the resolution that can be achieved, but it is reaaonable

o to expect both the median and wmaximun petformance levels to increase..

i
’sb’

‘.’,;._ 1.
b

3 _OPERATIONAL mucrnous _ o

it ‘the present time, the system requires about ninety seconds

“ R \'...
BRI X

'.to reach fill film speed from the time the sya:am is ewitched from

atandby to operate mode. We feel that our original goal was thirty

r\..

-seconds. based on coming out of a vehicle maneuver reasonably near a

Eaxge:. (Ref Area 7541 and Hq. 1412), However, we have now found

y

* (accidently, in ATF 8, runs 2 and 3) that the system can safely be

left on in turns. Although the system is caged in turns and INC is

4

' iuperfect, the ability to so operate the system increases operational

flexibi1ity and provides freedom to tﬁke evasive action if required,

Page 3
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4
4 CAMERA & - ‘ ‘ S
: ' . TARGRET .PORWARD APT
FLIGHT \ ommnon " CAMERA : .. CAMERA -
Y NUMBER & . pmmmzcuunl pmu.m. PRRPENDICULAR | PARALLEL
| L PABAMETER ' N (LONG) (SHORT) (LONG) .~ (SHORT)
! §E 64 58 05 | s4
. Q 64.. .83 70 " 68 -
[ .. AT ) ' . e - ' Lo :
i _ 70,0 | . 56 86 . .122
.,; .._.'_‘,‘I,:_' | :

| . . ATF 6/7 93 82 671 - 90 -
: 5 " ATP 8/9 104 122 140 L 148 .
H e H ’ . . :

E ATF 10 ‘ 163 135 . 128 152 )
L ]
Pl . |
': i 'J:ABLE 1 - Performance Recapitulation
! : "'.:‘c"?i:?/‘ew-m-,—vo/‘/ EXPLANATICN *
i A F-LI(.'Hr
DirecTicHN

N

ParaLLeL

]

/ P eRrpPenmcve sl
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The only remaining disadvantage of the longer start-up time is that

targets of opportunity cannot be picked up on the large field of view

of the p;riscope (79 seconds maximum anticipation); but we understand

that the small field of the periscope (18 seconds maximum anéicipation)

will be used normally., Since this gystem was ne;er inﬁehﬁed for use

on targets of opportunity ;nd is now known to work in turns, we feel
;. that the present start-up time in no way inhibits ogerationhi use of

the system,

};'{;§§ Although we have & rather limited amount of data, it appears

hat pre-programmed exposure producea good tesults. If deeired, an .

operator override control would be eaay to 1nata11 since the exposure SRR

control fs in the Operator s console, Similarily. the system hac

Jk
¥

'tayed in focus, as far as ve can tell, through a wide range of (cold

T
- :'.

rather than warm) temperaturea, and we are reaaonably confident that

-5’

the catadioptric lens will not require any elaborate focus sensor and

.....

G control ayetem."f R ) R <

Ftnally, our operacing experience convinces us that the
syatem is easy to main:ain. install and operate, and we are confident
that it can be operationally committed frequently, even on successive
days if necessary, It is, of course, a complex system and éervicing
it can be difficult, but we know of nothing that will normally require

leagthy servicing in routine operation.

4., . RETROFITS

YA befies of retrofits have already been made (notably the |
analgesic for the aft optical system and the start-up package) and
additisgéi:;etrofifa are forthcoming (notably the operators control for
test flights and stabilization). Activation of the heading reference

and latitude repeater as well as continued testing may reveal the need

Declassified in Part - Sanitized Copy Approved for Release 2013/08/15 CIA-RDP70B00198R000700040002-4
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. for other retrofits, vhich will be made as required.
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Q-Bay .Package 1A and 1B Major Assemblies

Declassified‘in Part - Sanitize:d Copy Approved for Release 2013/08/15 : CIA-RDP70B00198R000700040002-4



Declassified in Part - Sanitized Copy Approved for Release 2013/08/15 : CIA-RDP70B00198R000700040002-4

i
t

|

System 1B - Status Report (as of 24 Jan. 63)

i . 1, AFT CAMERA

A, Aft Optical Bench:

The aft optical bench has been compietgly assembled, saligned

and tested. ' Test results are shown in Figurea 2-5,

B. Aft shuttle Assembly
" The aft shuttle has been completely assembled, wired and

"+ ‘focussed and is ﬁresently undergoing qualifica;ion tests,

s . >
rl

c. Capping_shutéef and Drive épsembly

-l SR '7 The cnpping shutter drive assembly is 85% complete. The

remaining sub-asaembly to.be 1ncorporated 1s the drive motor assembly.

?

u'All parts are on hand and assembly 13 in process, "

, ) The cappins shutter asgsembly has been completed and is installed

on the aft optical bench.

D. Aft Scanner and Drive Assembly

The aft scanner has been assembled, aligned and installed

s i e

* on the optical bench.
Parts for the aft scanner drive assembly are on hand and

agsembly ia in process,

E. Aft Bench Light Shields

e

Light shields for the aft bench have been received. Inspection

of some shields indicate improper f@brication. Those that have

)

been acceptéd by inspection have been assembled to the bench, the

iJ ' " - 7 others have been sent back to the vendors for correction,

Page 8
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-
} 2. FORWARD CAMERA
~1 ' A, Forward Optical Bench

The forward optical bench has been completely assembled,

'] : sligned and tested. The results are shown in Figures 6-9,

B, Porward Shuttle Assembly

It was found that the forward shuttle assembly ‘during the

alignment cheek could not come uithin the specified critical

el

‘ tolernncee. It wag necessery to disassemble the unit and replace

* certain critical parts. Beaeaembly 18 in procees.

C. CAEgigg shutter 2nd Drive Assemblz R .
" The cappiné shutter drive aaaembly is 851 complete. The
9‘ll remaining sub-aseembly to be 1ncorporeted le the drive motor
) agsembly, All parta are on hand end- aasembly 1a in process,.

i3é, _ﬂ; The cepping shuttet assemhly has been cowpleted end is

1nata11ed on’ the forunrd optical bench.

i . ;f. D, Porunrd Scanner and Drive Aeeemblx

The forward scanner bas been assembled, eligned and installed

on: the optical bench

; ' : Parts for the forward scanner drtve assemhly have been ordered

and are scheduled for 28 January 1963 delive:yq

P . B._Forward-Bench Light Shields

| _ - Light shields have been installed in the forward optical
l o bench.

3. PLATFORM ASSEHBLY

-—-——————-_.._.____

ac-?o;-

i . "~ A.__Supply Drive Assembly

The supply drive assembly has been completed and installed

Declassified in Part - Sanitized Copy Approved for Release 2013/08/15 . CIA-RDP70B00128R000700040002-4
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on the platform. On this system the belt drive is replaced by

a gear drive.

.o B. ;;nner and Quter Hub Drive Assembly

The inner and outer hub drive assembly (supply and take-up

| c hubé) have-béen completed and installed on the platform.

' S " €. Take-Up Drive Asgembly
' The take-up drive assembly bas been completed and installed -

L ) . on the platform. |

) =  5. ;:; D. Knuckle Asaembly
i, | l.:-:‘:"* ! The knuckle assembly 1nc1ud1ng the azimuth torquer aasembly
% has been completed and installed on the platform. A modification
i 1ncorporat1ng a torsion bar 1s under concideration.
¥ .
;" T R Light Shields |
| o Fitting of light shield bracketry to the platform has been
i ., completed,
| - " E. Pilm Tra;qﬁoft Sub-assemblies
I Fitting and installation of flim tranaport sub-assambliea
i! (nuch as tension sensors, cross-over network, etc.) on the
: platform ia in process.
; | Cassette castings received and ready for machining.
" C. Wiring of Platform
The necessary harnessing, connector bracketry, connector
installation on the platform i{is in process. Present percentage

J of completion is approximately 10%. |

| ' Page 18
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4. ELECTRONICS BRIDGE ASSEMBLY

A. Electronlies Components

. _ _ Installation of electronic components such as amplifiers,

power-supplies etc. on the platform ie in process.

L . B Wiring

i ) Wiring of components, connectors, etc, on the bridge is in
| | process. -

i : ' . _:Preaeﬁﬁ pércegtage of éampletion of alectronic_bridga.

;~§,;¢ '--:-hassembly is approximately 65%.

S. STABILIZATION

A. . Pitch Weight Shifter

The pitch weight shifter has been assembled, wired and is

Voro -

ready for testing.’

——

B. Roll Weight Shifter

. The roll weight shifter has been assembled, wired and is

ready for testing.

C. Attitude Sensor

~The attitude sensor has been assembled, wired and tested.

D, Attitude Reference Assembly

Parts for the attitude reference are on hand. .Assenbly has

not been started. This 1s one of the last assemblies required.

E. Gyro Package -

.+,+:The gyro package has been completed and is presently

| ' being used in breadboard stabilization tests.
; . ' - Page 19
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6., SYNCHRONIZER ASSEMBLY

LY, QRPN }

The synchronizer has been assembled wired and tested.

: 1. DATA CHAMBER -

- 'rhe:dar.:a chamber has been assembled, wired and tested,
: ' - | The connector on the system 1A data chamber was a source of
.  trouble in th; ﬁeld, therefore a comnector from another manufacturer

i © . was ’nulil.‘titu:ed on chamber fbr system 1B.

i . 8.\ /W SENSOR AND INTERFACE S SR

n A T
a7 :

CoeL A. _V/H Sensor . .
l ' ‘ . The Vlﬁ;':sennor from system 1A 18 undergoing tests. A

% modified V/H sensor with a new light pipe is- scheduled for Pebruary

1 completion. 1f performance is tremendously improved, the 1A
i v ; sensor will be modified accordingly and uséd. in system 1B.

E)

g " o ' ¥ 3-,-? '5'..'vjﬂ Interface :

.......

fey

_ The V/H interface is approximately 75% complete. This

ks

packsge will be similar to system 1C package.

.; €, Start-Up Package .

_ The stdrt-up package is complete and undergoing tests,
9. FRAME ASSEMBLY
The cager helium supply, plumbing, etc'. are being installed

on the frame,

I

10, HELIUM TANKS

The helium tanks were ordered and received. Of the two

[ required for this aseembly, one was loaned to the vehicle manufacturer.

L

Addit lonal tanks are on order and should be received in time to complete
|

M_J : : : Page 20
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_this assembly on schedule

1, SYSTEM 1B SCHEDULE

See Figure 10 for 1B system assembly schedule., Generally,

i .

THI1S SCHEDULR HAS BEEN MET IN LAST SIX MONTHS.

12, _CONCLUSION | |
I ' . . ‘ The ‘preceeding 1ténn comprise one complete system and by

co-pnri.ng the status of the items to the schedule in Figure 10 and

tho photogrnphs a feelins for the status of lystm 1B can be ob:alned. ‘

j Page 21
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System 1C - Improvements
1, SUMMARY
" The principal areas of improvements of system 1C over
\ . systems 1A and' 1B are the stabilization systea and the film and scanner
drivu and control A concentrated ctfort is aloo boi.ng nade to

] . tnptwa tha foll.ovi.ns areas:

A Start up and opentionnl cont.rol. -1

e, v Ty .
l TR - : : Component reliability.
: C. -§trnct:un1 rigidity.

D.’: Elu:tronic pachglng.

N '"'E Aceauibntty of componcntl for servicing,
l.-.'...:“.l: . D )
g ' P, Opouti.onll testing.

_ These aruo viu be discussed in some douil in the follolring b

.ection.o ’ r, H }:. . V (- . ) LIRS B '

.‘,‘

2. SCANNER AND FILK DRIVES

torh

i _ '.: ! " The at.t'ain:;:cnt of highly precise -yhclitonizltion';bctwcm’
| :-unner and film motions is probably the most difficult control
‘problen vhich confronto the designer of high resolution panoruic :
type camera aylun.l.- '
! . ‘A considerable effort was made to provide for precise
. ‘iunner and film drives in system lA, the result of that effort
culminating ‘in just about the ultimate smoothness of performance

achievable with drives employing geared and belt drives servo motors

. and synchros. The performance is limited only by disturbance torques

- RAFR W obre .

LI R I

] .
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-

e -_' " 55.-_- capocan and scanner at the ca 2 and oconnor.‘-'

-

s t . ".'_, - ' Prociooly measurs the: velocity voriat:ions of tha

ao the ccmplex synchronizer servo used in’ the systom 1A and 1B scanner -

P ond film’ dri.ve controls. - ’-'-. ' - . o

' .'only rmining torque dioturbancea conoiot of boaring noise, unbal.onco o

due to gearing and bearing friction and scanner and film drive

' velocity sensor errors.

The design philesophy of eystem 1C is to provide an

ultimate %ofoten whose performance {o limited primarily byl:he“ film-

‘optios-se'eing combination. In cenformance with that philosophy, the |

doctlion me nade to 1ncorpora|:o rathar draol:ic nodi.fi.cationo in the
oyotoa 1c ﬁ.ln aml scanner drive control system as follovs: '
: Ai -Reduce to an absolute minimum the number of

elmto which produce torque dlotuxbances.

Oty .
TNt L A

Tho dosign\ not. only improves performance but siaplifies

the werall dosign by oliminating the belta and goar trains, as well

.J‘:
LEL

In order to minhnir.e torque d!.aturboncea, wa are ro:novins

:moot sources of d:l.nturbanceo. All guring or: coupung betveen scanner

s

"or film copstan drivos and transducers or metors 1o eliminated. The

: :,torquee, ond torqueo tranemttted by the film to the capotm drivo. : A

‘_'connideroplo effort is bei.ng made to minimize bearing friction as woll

!gi't"!"

ks aa sutlc and dymmic balancing errors. Drag cuplinductioq motors

_(A.c. torque motors) are usad to directly drive the capstan and- scanners.

. 'rhi.s type of motor virtually eliminates torquo variations due to slet

oftect or mechanieal and eloctxicol assymstries.
gL ‘I'n ‘order to provide for optimum control of u.'!onnet ‘and

capstan anguhr volocitie-, it is sssential to prociuly measure these

T

Page 246
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these rates to hi3h precision. For optimum control it {s necessary
to diroctly mooouro the rate of the dovico boins controlled without
introducing coupling errors between capstan or scanner and tho velocity
crnnoducor. This 1is being acconpliohod by using high bic density
mogoocic trock nountod directly on the capstans and oconoorl. A
voltago proportionol to the bit rate fron the nognotic track is
oovolopod for volocity control.
Fignro 11 lhovl the basic block diogtcn ot the Syoton 1c

““17 ] ;o;nner ond film drtvo control oyoton. . Scanner ond film drivo rotoo

' | fh'::j. are controllod prtnorily by a voltage derived fron tho v/h ouboyoton.

i [ .'::'.'.

Tio v/h voltogos oro\utilisod the firlt is lnooth throughxo 1.3

SEEY s

notwork with a tins conotant of 4 oocondo and tho oocood is onoothod

- 'II i f'l'

‘ ; th:ough a 1.3 notvork vith a time conltant in tho order of 15 oocondo, .

- - me ey

}‘ | }i;i E Tho 4 second onoothod v/h otgnol is used for pa_ (] during operate and :o ,,;?;
v :};'f‘t drtvo tho oconnorl during “Stondby" operation. Tholls second onoothod '
. .o Vlh lignll is aot tq sero during "Standby" and provtdoo on o:ponontially
rioing v/h voltnso during "Oporote" The latter voltoge coatrels the
!tlm drivoo as woll as the film supply and taka up roolo. Tho slowly
rioing Vlh ;ontrol voltage pornito oynchronouo otlrt-up oporhtlou of
tho £ilm drive contiol eleaints, “In addition the heavily smoothed
vfh signnl will provide for a atoody velocity control voltage of the
oeaonor ond film, drives.
’; Tho oogulor velocity of ‘the forward scanner Lo directly
controllod by the V/h voltaga, Tho velocity servo control systen
oonoisto of a 3600 cycle/revolution magnetic track tranoforuod into &
S voltoso preportional to frequency by means of a frequency to voltage
convortqo_(f = V), & lag network, servo amplifier (811);tlod drag cup
motor (Ml). |
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. ' ' A block diagram of the frequency to voltage converter is'

ot d
7

s shown in Pigure 12. The circuit consists of an integrator, the output
. . . of which increasaes at a constant rate. The output 1is returned to

zero vhen voltage, V,, is reached. The :ftequency of the resulting

sav tooth wave thus depends on the nngnitudo of V,. The sav tooth

wave fon fs trmfomed into & square wvave by means of the "ilip-!lop"
ciﬁryutt. 'I'ho ruultins square wave, together with the 1nput signal ,

nr_:ol put throush a keyed p}uu unoitivo dqodulator to produce voltage -

AR . e

.:.'l" -

i ) m fomrd clpltln film dttvo bnically op-ntu on thn

. 'n-c principle u r.hc fomrﬁ ‘scanner dri.vo. Thc uplun velocity

i-‘ . N ' 1 _;'controlled by n volug. proportional to Vlh by muu of a capsun.
C nounted ‘magnetic drum giving @ frequency proportional to capstan lp..d
a !requen‘ey to voltast converter (f - V) alag nemﬂ: A ‘dervo
l' . a.npnﬂer (8.12) and s direct coupled drag cup notor, M2, m- portion
. o! the control \dll ptwido for a cnpluﬂ speed w‘hich will prcciuly

fonow tho vlh control voiuge. S1ight differencas in apud to volt-

-----

i . . B
i T . g.i-wl ORI
H

‘ Y . In order to proviﬁc the corr-ct cpeed to voltage ocale factor, a 100
N :51  . eycle per revolution meagnetic drum is placed on tho 2 inch diametar
L metaring drtvc. Fhen the film is being driven at the correct speed,-
i : ‘_ . ;he Tesultant freqﬁgncy from this.yngnetic track must be identical to
,j L& | th{ﬁ produced by tha 3600 cycle per revolution scannar track., These
- two frequencias are compared in a "frequnncy-phaae discriminator" vhich
producen a voltagc proportional to phaae difference when the frequencies
are the sane and a plus or minus d.c. error signal when the frequcnctcl

are not thc sane. The integrated output voltage of the "frequency-phase

A

I ‘ - Paga 27
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dllcrininécor" autocaatically adjusts gps gain of ths V/h voltage.

[ )

A suitable "frequency-phase discriminator” is prasently

nnnufaéthéed by Sequential Electromic Syltch. Incorporated. A non-
)

——

volatila‘integrator and automatic gain adjustment presently in the
‘ } L RN ﬁtoadboard stage consiut; of a feedback saplifier driven non-spring
‘ " returned b'Arnonval typllnzter movement driving an infinite resolution

i | ;otcn'timtcr. ‘

[

The aft scanner and film cnpltan drive ére controlled by a-

o ——

g volt.se prcpor:ionll to V/h. Synchronization betwsen scanners is
l '_.? - accouplilhzd by tho generation of a 4 cycle por .canner rcvolution

:;" oisnal fron anch lcann.r nnd eonttolling the glin éf the aft scanner -

PR O Y]

Vlh control voltnsa until thclo signals are nynehronnu-. The 4 cyclc

i

! :"”r_; pét revolution cOntrol signals are genarated by n.ann of uddittonsl

nngnetic tracka on each of the scanners. Thnae tracks are phase

. . . Sl eia
i-. + i:l.'f‘\ L

j co nodulated uitﬁhroopoct to the 3600 cycle per rcvolncion tracks 8o that

" tha daaodulntcd aignclo produce the 4 cyele per rcvolution wvave form.

_,,f ';.‘. Thc two signals are compéred 1u & demodulstor and adjult the V/h °

! 3r:j_- | 1nput nclle fac:or of the aft scanner thrcugh & ndn-volatile integrato;.
':;f f j‘;u : Synchrcnization bctvecn aft scanner snd aft film drive is

E‘ f.ﬁ ' &cconpliahed in the same manner as between forvatd scanner and film drive.

Veloctty variations are introduced in scanner and film drives

by torque load variations and by errors in the magnetic tracks. The

cffect of thesa ‘arrors 13 shown in Pigure 13. This figure anlumis an

-

.qiqnge degradation tolérance of 1/4 arc seconds for 1/100 seconds

L exposuré time due to scanner or film drive velocity error for each of

the causés bf that orror. Torque disturbance and transducer error

[E

tolerances are ﬁlo:tod as 8 function of cycles per revolution of the

W . Plge 29
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si.-nusoidal disturbances for various values of velocity servo bandpass.

For eumplc, £or 4 scanner, it is expected that the high freqnency b
tnnaducer poaitioml error will not exceed 1 arc second. Such an

ervor lhnita the servo bandpass to 40 radimn per second and allows

a torque vari,ation tolerance to only 600 dyne-ca over a frequency

“+

-unge fron 1 to 60 cyclea per scanner nvolutien. In order to obtain

A

thia low ugnituﬂe of -torque variation, extrena care i.s being used to

n:lni.miae bearing fricti.on. to dynamically and .utlcly balance tha

numars. Hakid to nininue motor torque varutim. 20 microfm:h

beu'insa are uud in lthe scanner drive. In order to ulnuin :hc '

.u

' capstan n"“nh‘l'h: of tnertia 1s mndaized to a prlcl:l.ully obumaue

¥R

: _.-'val-ué wlthin the space euvelope. and the roller ndi.us 1. nini.mir.ed

?’, .

to ‘a mlleot value vhich is conpatible with eccen:ricity tolcuncc. -.

L aie &

'-aninizing the monent of inertis minimizu :h.. etfocc of torque

'1|

dilturbance‘ vhile minimizing the ‘radiug mini.ni:ea the torque distutblncel
11 st :

du. to filn ten-aion vnrutionl. A design study ruultcd in a moment

o! inurtia ot.lol’ gn-mz and a capatan roller udiuu of 3/8 inch. It

' 1. cxpected that the capstan ugnetic track positional error

will not axceed 20 arc seconds, pcmitting 8 servo bnndpnu of 120

' radiann per lecond and a torque disturbancae tolcranco of 3000 dync-cn

(uc Pigure 13), the torque disturbance tolerance is being nintniued’
by mintnlning low bearing friction in the capstan and neighboring
rollerl and by antwmntl in the £film tension unnng and control

lyot-n. These latter improvements will be dilcuaud in s aubuquant

: uetion of this roport:.

b L e - B SN

o s
- * . -
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Figure 14 shows the scanner breadboard in ite present
form. A Baldwin encoder d:l-ak, accurate to |app_roxi.:nntoly 1 arcm
. second has been 1ncorporate§ into this breadboard fer the purpose
g£.n|k£n3 the initisl magnetic track and for n.nitoring the velocity

varintiona of the scanner. Figure 15 shows a dtaiing ‘of the caps:nn

¥

vith drng eup drive moter.

3, FIIM YENSION m Lbop LENGTH CONTROL,

cttnisynten 1A and 1B film tension control was provided vhich
equnlly diatributcd residual film tonaion on the £oruntd and aft

capntan drives. In Syotcn 1c, additional control vill be utilitod

[}

'.5uh1ch alse -1n1n1zos residual filn tension at cnch of .the two capotanv

d

‘-drivos. This is donc primarily to minimize the torquc required from

' tho _capstan drive -otor.. Figure 16 shows the Systea 1C filn tcnllon

control sy-t-n. Tension between the aft capstan nnd the teke-up rool,

. 1; nnde to be virtually independent of fiim loop lensth by uttlizing

'Y long spring. The cupply and take-up reel speeds are contrelled by the :
forvard and aft loop lengths in the sane manner as £n System 1A and |

18. Tho forward and aft loop lengths are kept constant by the aupplyh

and take-up controls. The tension on the intor-camara loop 1s set to

be nominally equal to the tension of the aft loop., This 1a &ccomplighed
by maintaining constant intercamera loop tension spring length. Constant
spring length is maintained independent of loop length by means of a

8ervo control utilizing servo amplifier s‘l, Hotor Ml and tachometar
5¢norutor ‘Gl.. Whenever the loop length changes, tha spring lingth

'
sansor develops an arror voltage actuating servo metor Ml wvhich in-

-

turn moves the rack and pinion mechanisw controllingnthe length of the

PP
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{ .
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-“forwnrd loop, raducing :hs residual tanaion at the foruard capstan
-driva to zero. Q;fff::: X v ::? };

';féf ! The 1ntex-c¢mer. loop length il controllnd by’ 1ntroduc1ns

EEEBEEE
Fil B A SR

spring. Additiomal control is utilized to eliminate any residual film
tension at the aft capstan. Residual tension will produce a counter-
acting torque in the aft capstan drive due to the closed loop performance

of that drive. This may be measured by an offset voltagaiof the aft

-cdﬁhtan drive motor. The voltage on the capstan motor is fed through

e

an 1ntegrntor to SAl which in tumm initiates a chanaa in 1nter-canera
loop tannion unttl the averags torquc luppliad by the capstan drive i»
zero.

8£niiar coatrol logic is applied for :oﬁsion control of the

*r:r

':-I' E,'.\
H

Ny

bo#itiénal ahifta in the aft capatan drive during the non-active portion

of the aft scanner eycls. It is necessary to introduce con€rél logic

N

"hhich prevents the capstan drive command eignal due to inter-camera -

look length error from fighting the command eisnal derived from the
aft scanner- filn drive synchronization ayetem, This is accompliohed

by preventing any loop length error signal from actuating the aft
capntan.dtiyq until the loop length error is of sufficient magnitude

to permit a changé of posiiion of tha aft getering.rollar to.anocher
;dabla poaition with respect to the aft ecaaner. The aft scanner magnetic
track provides for 100 stable positions per revolution of the metering
fﬁl}er, A non-linear function is uged to properly-suicch the loop-~
leﬁath error. The asignal from this filtar is gwitched into thae aft
capstan'drive amplifier during the non-active portion of the acanning
cycle. Dur;ng the active portion of the scanning cycle the aft capntah.

drive foé;ifll the aft-scanner film drive 8yne: signal from the

freqhancy phase discriminator (F-PD). The switching is controlled b}
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'noenury r.o reput tha position of the scanners in ordor to coatrol
: tho Mc rcaolvon, thc capping shutters and the various, cmutor
controllcd m:chins functim. 'rhe cunl:rol lysl:u for thna fnncttm |

vill be almn: 1dant1ca1 to that of System 1A and 18.

DN oaty
Y ‘
A

' o A }Iigh lateral acceleration sensitivity of the :

4. REPEATER PACKAGR
- Systems 1A and 1B utilirze a synchronizer package to provide
control eignals for the aft scanner and film drives. On the other

hand r.lu !:lln and scanner drives in Systam 1C are completely divorced

. _trcn a reputar to oynchroniur package, It {s, lwnvdr. atin

l'

Rc!errln; to Pigure 17. the rcputnr utvo drivo 1s mtrollod

: 1‘-3’

. th. % cycle pcr rcvolution signal fm tha fornrd lclnncr. An

,,.\": [ -i¢,ru

rn balanced positiunod error signal i. derived by Mtchins thlt
; ?'m m oz tho roputcr notor drlven Mtghing mmer..'
"I!nt.egnl plu. proportlml control is used l:o dertvc 1nermnta1

c“"‘“““ '13‘“1‘- th‘ Pfinﬂpal control nigml being & voltage .:'"“

PtOPottioul to VIh. RN g '_f L

'r'
Il‘I

mnstratcd that tho design goal of lmtting uuu pitch, roll .nd oy !

yn Tates to 35 lrc smndn per second could not ba aet, Perfomnpo o

lmntion is cluned* by the following:

A

f Sperry fluid sphere gyros. a -

1

B Prasence of uncontrollable bpbr!a;iié noise in the

f. . . '_ L
L I T mo.‘

c. Susceptibility of camera mount to induced lateral

¥
resonance,

. " . D, Action of dynanic weight shifter introducine latara?
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' A
. TO FWD TO AFT .
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; n B
[ 2 X .
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L | o accelerations.
| | E. Belatively high bearing friction in knuckle.
F. Lateral acceleration producing bubble level
SR .aignals._ SR
" Induced lateral mount resonance is considerably aggravated f\w‘
,-"T; by lateral acceleration feedback through the gyros. The btabllizatloﬂ

loop gain hna limitcd by the performanca of the gyrou ratﬁhr than by

T

_ L the bandpaaa of the dynamic veigh: shifting systen. il “i‘ L .'&f:

Based on :he experience with the Syatem 1a st&bilizatlon

[P v

. ;E, . ; 24
Peigrt o, . . P . R
-L..u.n,-"-- 3 . -} - '

A flexure knuckle rather than tbe ball bearing

[E—

khuckle. This minimizes torque disturhances into

the camera.

x.-nl 51,. o e '

B '=Torque notors rather than dynamic veighc shifter.:

N This minimizea induc.d lateral mount o

accaieration and parmits higher control loop 3ain.' oS

::- vaor 3

RSSO SR PERRY SRS LY

o Another rate gyro package having low lateral

RS acceleration and high rate senoitivities.

PR U Ry
P

Pitch and roll weight ahifters and bubhle levelb Tl

to slava the camers vertical to}the dynamic varcicnl g
,a . k -"‘!:.
The System 1c s:ahtlization sys:em haa baen breadboarded 'lliﬁ‘

i '. L :‘ ! '_. o ':f v ' Pﬂé& 39
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These gyros were initially procured for camera testing purposes.
A floated rate gyro package suitable for field use is presently being y
procured from the Norden division of United Aircraft. Breadboard results
indicate that overall performance will be well within our tolerance
‘ lpoclficatlon.g A . )
Figure 18 shows a block diagrnn of the System 1C ltabililatton |
'iy;tCI. The gyros are aligned with the flaxure axes (tlaxuro pitch and -
yaw 1o rotated 45° uith respect to.the frame). Any rates sensed by

1
thoco gyron produca conptnsatin; torquea at the torquars.

Verticality is waintained by the pitch and roll weight ahifter

loopo utilizing pitch and roll bulblcrlcvoll. During "caso" the weight
"'lhifgcr control is de-energized and the input to the non-volatile
‘f;ntogrttor 1s shorted to ground. During normal operationm, integral

. plus proportional control is used to obtain stable operation. The

- integral term provides for zero zngular positonal error due to any

' 'steady camera unbalance torque while tha pfoportionnl tern provides

: L]
the equalization required for system stability.

Aziuufh is slaved to the vehicle navigational system through
an optical po.1t1;n11 error sansor in the same manner as in System 1A
aﬁd 1B. Any azimuth error excites both the 45° rotated pitch and yaw
torquers,

#11Erection and caging logic 1is similar to that used in System

LY 2 T

FPigure 19 shows a picture of the flexure knuckie with
torquers mounted on the rotationsl axes.

" Pigure 20 shows the results of breadboard measurements using
a niégl;;ed 1C canmera -yatcn. The residual net nngufné rates about tha

'3 camera axes were measured under simulated disturbances during 3 degrees
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FIGURE 19
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of pitch and roll deflection., Disturbances included vehicle motion

in pitch, roll and yaw, vehicle vibrational spectrus at the camera
location, as wall a8 all sources of camera input disturbances.

The vehicle vibrational spectrum is as seen through the present isolators.
The ruﬁlta 1ndiut't that system operation {s well vit'hin the 35 arc

second/second pitch, roll, and yaw rate tolerance. P

C '6;":' lc pLATFOR gg ksioi« |
' _ : 2 A obiecuvu o _ _ ‘
."'! _ : | weyy leduc. gzlterilis R l
. ‘ ' ": ncduc. ltmctunl hyntcruu o! optical

Snnch allsmnt due ta dynanic loads to lcu than one .
o minute .of are, | 7 ) | TR
2) Provid. for !u and Redesigned Suhlzatm
a) Spabilization i
Provide for installation of rol-ll a%il '
torquér. o | : : | ,
b) Material _'l‘nnupor-t
Provide for installation of 1C -.crouover
network, | |
¢) Electromics:
Provide forl installation of 1C electronic
s Picklse;o
3) Reduce Production Time and Costs

Corract drawing errors, omissionl and approve

drawing clartty. Revise drawings to incorporate improved

construction process tachn:l.qu.&.

Page 44
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4) Increase Strength

Pravidc added structure to r‘act the incraaaed
loada due to 20 per cent increase in systea weight,
'5) Reduce rield Support Time '

Provide greater aécoslibllity“to conpoecntn

~_and reduce the need of optical bench alignments.

5f§j EAJ'Hsthods‘;o'Obt#ln 0b1¢¢tive

1 1Y *Reduce Hys terests I
s) Gualots ware added to thn optical bench

mounting pointl. ‘ .

e b) ' The amploynent of one pioce nidc panalu Nith :
dowal pins. o

 )' Provide for New and nadesiggcd Suba st

8) Nuw ccnter well casting.

b) Raw lnserta and nnchining.*'=  ‘ : i;
c) Lower electronic bridso.
3) Reduce Production Tiwe and Costs "”‘
" a) 81mp11£1cation of bonding requirement. -
b) Accurate detailed drawings. |
4) Increase Strength'
a) Redesign of front bulkhead casting and sheet
metal éxtensions.
b)t'cussecins of upper caging pin.
5) neduéé-FieIQ'Suggort Time
a) Afe optical bench is ad juptable,

b) - Blectronic bridge removal has been eimplified,

Page 45
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é) One piece side panels.

d) Gussets on optical bench mounting points.

. xmc-rnbnxc;r NG

: ;A.' C Electron:l.c packaging in System 1C has bun dcaigned to
) L ' inprovc field teltlng and nintainlnce. and to sherten anmbly .
L ¥ s:l.u Figure 21 ‘shews & sketch of the electrenic ‘deck layont° .‘5 ___:. . i

IS thttonua nodulu. ouch as amplifiers, deo-oduluorc, ete,’ ire
bcing comtructed on plu; 1n boards vhich cl.tde into racks. The

anttre olcctronic dock m r.a.dily be rmvad by unch-ping fton itl '

‘:mt and by loouning tvo large emoctorl. : m. pcm:lto npi&

_‘.rchsngu eloctronte dncku. c1rcu1t toit poinn are bronght N

- " ,_out at convcnunt po;itions along the dock vhila lou oftcn used test .

b | .. . | "_:‘pol.nta are on top of the electronic plug in bonrds. Io addition
ceruin eritical tut potnta are led scross the ginbnla for

tfwi'

, o rudy avnihbi.lity during fiml cyuu chcck.out.

- oo . TR
i e eiddangr . . AR TR

P _‘ e o : Page 86
i
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" 1C - Stetus {as of 1 Feb, 63)
]

- :The' development, design,'aasembly and test of 1C has been
: acheduled o;x' a CPH program. Thie shows the platforn delivery (29
IApril 1963) and aesembly as the critical path and predicts October
ahipmenr.- of the system to the Area, Aesumlng the predicmd ’ W |

duratious of activities used to produce chia CPH ahhedule are

aot .-‘,
3 PR

el correct wirtng of tha elec:ronic btidge iq tha next most crtt/l

i f:.'r-.

em (i.e. has leaet slack time) Both of these areaa are thetefore

'l'he arees where we can get hurt scheduleuiee, due }o long

1ead time or development unknowna, are shuttle assembly, mngnetlc

:Optical febrication and conponent asaembly. and delivery of electro- |

mechanical BETVO unita. These arcas are receiving second_n_ry_ attentim e
r-:,.’ h“l; a i . - i

and all other items are being taken care of as manpower and time .

petmit.

: w“w
’xl

o ‘ h
R The CPM schedule will be redetailed in March and thereafter

as required, A copy is included in the rear of this report.

. Te

R B
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Window Status Report (through 8 Feb. 63)

During the last six months work toward completing the vacuum
windov hu progrneed very waell. Two tight 7 x 10 windows vere recently
co-phted. ?lxure 22 shows one of thase. This unit wvas temperature
cycled from the mission profile twelve times and emarged with a lesk

' rate well below the calculated tolerance limit., Another 7 x 10 C !
vindav hna rccently b-en completed and is awaiting additfon of the vdi-
um pui) “"!'h'il vindow will be used for more extensive thermal eycling

tutl. S ' ' :.: |
. ’ “ . ;._E.:I -
The construction of the full size vacun-"%vindw 1s undervay,

. G
. . .1

] ) et

1o

: A prel!.min.ary non-optical unit {s emently nearing completiom. A1l

.tha proceue: and fabrication techniques for mking the large window
appear to be wen under control. The large vindowa are aimilar to the e
. - 5 ; ! ' s !
smallet ones sho-wn in Figurc 22 except that thty conta!.n the the:mal T

: ‘ ’ ’ * . ] * ‘v‘ L

+ . . N T

-_- - mt shown in Figure 23

fnvestigation of several alternative sealing procedurea e

S :':ﬁ'cluding metalizing O-rings and gaskats and mei:al'i'zed rubber gagk-o
lﬁc‘éls are c'ontinu'i'ng. The various techniques which have been considered
SRR . .
PN so £ar are unsuiubla for our requirements.

. _'-"... [
Cos 1l

" Two non-vacmm windovs were conatructnd '5insta11ed in the ! .

i

‘J_" e -
ey . -

?hn’gch of Vehicle ,3, and flight tested. The conﬁ.gui'ntion is shown 1n .

e ;‘3 :uguu 24. 'I'hese vindowa wvere also equipped wiuh an adjustadle themal

-.-_{‘!

conductivity munt. m sutic optical resolution of these windows as s

. R tl 1404 ""“' damrggsm '):;""j
tested dur ‘sine wave re-ponaa apparatus showed a trensfer functiou
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: _altcmtlve non-'vncunn window is not being carried out at this timt

. . -
., . . *

_dua to the neceuity o! cmentnting our etforco on ‘the anmbly o!
i 2 .
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‘of gnnen'tlhlly one up to frequencies corresponding to the J_.m‘tins

cu.pu' system frequency response. This mesns, in effect, that there
was no discernable difference in qulitﬁ with or without the wf.micnr in
tha.syltm. at least under Iaboratoty mdittm | '

A nodiﬂcation of the present non-vacuun vindov, based on

the. mcept of h.aving lover inner glass temperatures by & means of a lanr

) conductivity gas in the gap has been discuaa«! nnd prelimimry ulcul.tionl

' luve. boen per!omed. Vigorotu puzauit of the cmtructi.on of this .

- r.he vacm window. e
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APPENDIX - 1C Reliability Program

This section will discuss the Reliability Program on
Spogul Ptojecta and show hmr this progran leads to better and more
reliable dnisn of the eqndpnnt. . - x
_ The reliability group has tuluatod and tested co-pontntl
!or use i.n the cyuen. Anong thege conpontnl:c tested are miatora.

'rhe miltor test program was an extensive progm as the miotor 1.

e nev conponcnt. mll and light in weight v‘htch could ccnulv.bly tophcc

-
o ‘A"

'a mnbu' of much more couplex electro-mechanical 1nt¢3utorc ‘with &

.1,.

indtat that the memistor in its preunt ut. of dtvelo]mant cannot

L
neht the miromnul rcquirmntl of tho oyatu nnd that more
dqvplopmnt of the componcnt is required. As a relult of the conclusions g

i‘c’peiud on the test program, memistors will not be used on ths system,

The relinbiuty group tests subassexblies for compliance

té environmental lpeciﬁcattonl. An example of a subassembly tested

is the star: up package.

Failure reporting is used by the reliability group to find
problm areas which w‘ere not readily apparent on paper. Failure reporting
has lead to the r-wiev. and improvements in the following areas: air -
bnrl, da.t.n chmber, synchronizer, and belt drives.
i :

Hany of the failure reports received to datae indicate

failures to human error., Recommendations are made wherever possible

to avoid. recurrence of that error.
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In the future the ralubinty group vill conduct tests on
N ' operational amplifiers, meter potentlomnrl and new electronic
] aqbuaublies. '
| ‘ N Rhliability will contimia to aid in the selection of
i conponents and their evaluation. Raliability will also continue to

‘uu the fai.lure report syetea to diocovet nev problem areas and make

7 ] re.conendations for improvament of system reliability,
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